Background {#Sec1}
==========

Ovarian cancer is the seventh most common cancer in women worldwide with 239.000 new cases diagnosed in 2012. In The Netherlands 1325 patients were affected by ovarian cancer in 2016; of these 80% were diagnosed with advanced stage disease, for which surgical cytoreduction combined with chemotherapy is indicated \[[@CR1]--[@CR3]\]. During the last decade, surgical and chemotherapeutic treatment has not led to significant improvement in survival. In surgical treatment it is important that all visible tumour is removed (complete cytoreductive surgery, CCS) because the progression-free survival (PFS) and overall survival (OS) after complete cytoreduction is significantly longer than after optimal cytoreductive surgery, where tumour volume of up to 1cm^2^ remains in the abdomen \[[@CR4]--[@CR10]\]. In some cases it is impossible to achieve complete cytoreduction with conventional surgery due to the presence of many small tumour foci scattered on the intestines. Electrosurgery is unsuitable for tissues such as the intestine because of lateral thermal spread and depth of tissue destruction \[[@CR11]\].

The PlasmaJet Surgery Device is an advanced energy system delivering pure plasma to the tissues. Plasma is a highly energized phase of gas which is short-lived and quickly dissipates at the targeted site of application, allowing controlled use \[[@CR12], [@CR13]\].

PlasmaJet is able to vaporize small tumour spots on intestine, mesentery, peritoneal surface, liver and spleen and is able to dissect peritoneum from the underlying tissue without muscle impulses and with less tissue damage than with conventional electrosurgery \[[@CR11]\]. In the case series published on this subject application of the PlasmaJet during cytoreduction resulted in higher rates of CCS (79%) and fewer colostomies without any additional complications \[[@CR14]--[@CR20]\].

In this study, we will compare the success rate of CCS with the use of conventional surgery including electrocoagulation (control) with the addition of PlasmaJet Device (intervention) in a single blinded multicentre randomized controlled trial (RCT) to evaluate the effectiveness of the PlasmaJet when applied in the surgical treatment of women with advanced-stage ovarian cancer \[[@CR21]\].

Methods/design {#Sec2}
==============

Setting and study population {#Sec3}
----------------------------

This study is called the PlaComOv-study. It is an acronym for 'Will the use of the PLAsmajet device improve the rate of COMplete cytoreductive surgery for advanced stage OVarian cancer.

In this study, 330 patients with a FIGO IIIB-IV epithelial ovarian cancer, carcinoma of the fallopian tube or extra-ovarian epithelial ovarian cancer(peritoneal cancer) in whom the surgical goal is to achieve complete cytoreduction will be included. Patients should to be fit for CCS and chemotherapy.

Patients from the following Dutch hospitals may be included: Albert Schweitzer (Dordrecht), Bravis (Bergen op Zoom), Catharina Cancer Institute (Eindhoven), Erasmus MC (Rotterdam), Franciscus Gasthuis and Vlietland (Rotterdam), Groene Hart Hospital (Gouda), Haags Medisch Centrum (Den Haag), Haga Hospital (Den Haag), Leids University MC (Leiden), Medisch Spectrum Twente (Enschede), Reinier de Graaf Groep (Delft).

All surgeons are trained and certified in the use of PlasmaJet during the preparation of the study.

This study will compare the complete cytoreductive surgery rate when using electrocoagulation only (standard) with that achieved with additional use of the PlasmaJet Surgical Device (intervention). We expect that use of the PlasmaJet during surgery will result in a higher rate of complete cytoreduction and fewer colostomies \[[@CR14]--[@CR20]\].

Standard therapy is primary cytoreductive (upfront) surgery followed by chemotherapy, or neoadjuvant chemotherapy followed by interval cytoreductive surgery. Standard chemotherapy comprises of 6 cycles of carboplatin and paclitaxel, with a duration of 21 days for each cycle \[[@CR1]\]. In upfront cytoreductive surgery, all 6 cycles of chemotherapy are given after surgery. In interval cytoreductive surgery, 3 cycles of chemotherapy are administered prior to surgery and 3 cycles thereafter. Patients from both the upfront and interval cytoreductive groups may be included.

The standard of care is to reach complete cytoreduction in all women who are fit to undergo extensive surgery. This radical surgery may involve bowel surgery sometimes including colostomy. Electrocoagulation (Diathermy, LigaSure), scalpel and scissors are used during conventional surgery to remove visible tumour and to dissect tumour tissue from peritoneal surfaces. The disadvantage of electrocoagulation is the lateral thermal spread and the depth of tissue destruction, which render it unsuitable for use on the intestines. Electrocoagulation (Diathermy, LigaSure), scalpel, scissors and PlasmaJet are used when indicated during surgery in the intervention arm.

Inclusion criteria {#Sec4}
------------------

In order to be eligible to participate in this study, a subject must meet all of the following criteria:patients with epithelial ovarian, tuba or peritoneal carcinoma FIGO IIIB-IV who are fit enough to undergo radical cytoreductive surgery as discussed in the Tumorboard. Patients can either be scheduled for primary cytoreduction or for interval cytoreduction after neoadjuvant chemotherapypatients should understand the patient information form and sign informed consentpre-operative CT scan meets criteria for resectability

Exclusion criteria {#Sec5}
------------------

A potential subject who meets any of the following criteria will be excluded from participation in this study:patients who are not willing to participate or not able to give their informed consent (language barrier) and patients who are not willing to undergo extensive surgerypatients who are unfit to undergo extensive surgery (assessed by gynaecologist and anaesthesiologist and discussed in Tumorboard)patients who are not fit enough to get the standard complete chemotherapy (six cycles carboplatin paclitaxel) (assessed by medical oncologist and discussed in Tumorboard)patients with a non-epithelial, borderline ovarian tumour or an ovarian metastasis of another primary tumourpatients with recurrence of ovarian cancer.

### Primary outcome {#Sec6}

The primary study objective is to determine the rate of complete cytoreductive surgery in each group.

### Secondary outcomes {#Sec7}

Complication rate (30 day-morbidity)Duration of surgery and hospital stayBlood loss during surgery and number of blood transfusionsNumber of partial bowel resections and colostomiesProgression free survival \[[@CR22]\]Overall survival \[[@CR22]\]Quality of life (questionnaires filled in prior to surgery, at 1 and 6 months and at 1, 2, 3 and 4 years after surgeryAccuracy of presurgical structured reporting of CT scans (according to a structured checklist). This will be compared with surgical findings (as recorded by a Gynaecological Oncologist immediately after surgery) and histological findings \[[@CR23]--[@CR28]\].Histology: depth of tissue destruction \[[@CR29]--[@CR32]\]Cost effectiveness analysis \[[@CR33]--[@CR37]\]: Costs per (complete) cytoreduction and costs per gained life year QALYTotal number of chemotherapy courses during overall survivalComparison of completeness of surgery between both study groups according to an independent review of the operation field by photos

A histology review will be carried out in a subpopulation of 30 patients from the PlasmaJet group (15 primary cytoreductive surgery, 15 interval cytoreductive surgery). We will study at specific spots of macroscopic tumour during surgery. One spot will be vaporized with PlasmaJet Device and analysed at the presence of residual tumour. Another spot will be the control sample.

Our hypothesis is that vaporization by the PlasmaJet Device will result in less tissue damage than electrocoagulation and that we shall not find vital tumour cells in tissue treated with PlasmaJet.

### Intervention group {#Sec8}

In the intervention group, the PlasmaJet Device will be used if necessary as an additional device during cytoreductive surgery.

PlasmaJet Surgical Device uses neutral argon plasma to vaporize small tumour nodules with minimal collateral damage \[[@CR11]--[@CR14]\]. This device helps to achieve complete cytoreductive surgery in patients with advanced stage ovarian cancer, most particularly by ablating small tumour foci on the abdominal peritoneum, diaphragm, intestinal mesentery and bowel serosa.

### Control group {#Sec9}

In the control group, standard surgical instruments combined with electrocoagulation will be used during cytoreductive surgery.

Assignment of intervention {#Sec10}
--------------------------

The study will be explained verbally to the patient by the gynaecologist, and patients will receive written information in accordance with Good Clinical Practice guidelines. Those wishing to participate will sign an informed consent form and will be randomized preoperatively. It is not always possible to assess the presence and stage of ovarian cancer preoperative, and in some cases it is unknown whether enlarged ovaries are malignant. In these cases, women can be randomized preoperatively and the gynaecologist will decide during the surgery whether the patient is eligible to be included in the study, depending on the result of frozen section and tumour stage.

Computer randomization will be used to allocate patients to the intervention or control group. Randomization will be carried out in blocks of varying size prior to surgery. Inclusions will be stratified depending on high or low suspicion of peritoneal carcinomatosis (based on the pre-operative CT-scan), primary and interval cytoreductive surgery, and the use of OVHIPEC during surgery or not \[[@CR38]--[@CR40]\].

The RCT is single blinded: the patient does not know to which arm she has been assigned.

Data collection {#Sec11}
---------------

Coded data are stored both on paper and in an electronic database. Collected data are stored in a digital case report form (CRF). Raw data is available only to the principal and coordinating investigator.

Patient characteristics will be stored in 'Open Clinica' and analysed in SPSS.

A CRF will be completed preoperatively, postoperatively-discharge and at 1½, 6, 12, 24 and 48 months postoperatively (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flowchart of the study design

Prior to surgery and at 1½, 6, 12, 24, 36 and 48 months postoperatively, a quality of life questionnaire will be completed (EORTC, QLQ-30 and EQ-5D) (Fig. [1](#Fig1){ref-type="fig"}).

The following data are recorded:*Preoperatively:*Patient characteristics, presence of germline mutations such as BRCA1 or 2, investigations carried out to make the diagnosis, outcome of structural reported CT-scan, chemotherapy, quality of life.*(Post)operatively:*Adverse effects of chemotherapy, operative parameters, tumour location, effectiveness of PlasmaJet during surgery, outcome of surgery, postoperative hospitalization, hospital discharge.*4--6 weeks follow-up:*Complications postoperatively, re-hospitalization, histology outcome, planned chemotherapy, quality of life.*6 months follow-up:*Complications of chemotherapy, re-hospitalization, indication of recurrence of malignancy, quality of life.*1,2,3 and 4 years follow-up:*Indication of recurrence of malignancy, new lines of chemotherapy administered, quality of life.

Statistical considerations {#Sec12}
--------------------------

Sample size calculations are based on our primary outcome measure. To demonstrate the additional value of the PlasmaJet, we assume an absolute increase of 15% in complete cytoreductive surgery in the PlasmaJet group (77% versus 62%). With a total type I error (alpha) of 5%, and a Type II error (beta) of 20%, 147 patients should be enrolled in each research arm.

Assuming a 12% loss of follow-up, a total of 330 patients should be recruited.

Statistical analysis {#Sec13}
--------------------

The primary outcome measure, percentage complete surgery, will be calculated for each arm of the study together with a confidence interval based on the Wilson method. They will be compared using a chi-squared test with continuity correction. We will also calculate the risk difference. This will be presented with a 95% confidence interval (calculated using Newcombe's method).

The study will be analysed according to the intention to treat principle. An exploratory subgroup analysis will be performed in a subset of patients with more than 50 lesions in the abdomen (peritoneal carcinomatosis), as complete cytoreductive surgery is not feasible for this group of patients. No multiplicity correction will be performed for these subgroup analyses.

Continuous secondary outcomes (duration of surgery, duration of hospital stay, blood loss) will be calculated using t-tests and the discrete variables (complication rate, bowel surgery, colostomies, number of chemotherapy courses) using chi-square tests using continuity correction.

All outcomes will be analysed using regression techniques. Progression-free and overall survival will be studied using the Kaplan-Meier method. Additionally Cox regression will be performed to study the influence of peritoneal carcinomatosis, complete, optimal or suboptimal cytoreduction. A *p*-value \< 0.05 will be considered significant.

Multiple imputation using chained equations will be used for missing co-values.

The other study parameters will be analysed as follows:Progression free survival (after 5 and 10 years) (Kaplan-Meier method)Overall survival (after 5 and 10 years) (Kaplan-Meier method)Cost per life year gainedNumber of chemotherapy courses (chi-square tests using continuity correction)

No interim analysis for futility and effectiveness will be performed. A safety committee has been installed to monitor harm. The committee will receive data on safety and harm after each group of 50 consecutive patients and may advise stopping the trial for safety reasons after each analysis.

Ethics and dissemination {#Sec14}
------------------------

The study has been approved by the Medical Ethical Committee of Erasmus Medical Centre Rotterdam. The study will be performed according to the standards outlined in the Declaration of Helsinki. Ethics committee approval has been granted.

Patients will receive verbal and written information from their gynaecologist during the intake for surgery. Randomization happens after signing of the Informed Consent.

Subjects can leave the study at any time for any reason if they wish to do so without any consequences. The investigator can decide to withdraw a subject from the study for urgent medical reasons. At this moment there are no specific criteria for withdrawal. After withdrawal the patient will be replaced since this is an intention to treat trial.

A monitoring plan is installed to ensure patients' safety and the quality of this trial. Adverse events are recorded and reported by the sponsor through a local protocol. Study results will be offered for publication in international medical journals and on the website of the patient association for women with gynaecological cancer.

Discussion {#Sec15}
==========

This study will contribute to the understanding of surgical treatment in patients with high stage ovarian cancer and will answer questions on implementation of the PlasmaJet Surgical Device. The results of this study will demonstrate whether the use of PlasmaJet Surgical Device will lead to a greater chance of complete cytoreductive surgery, and whether there is prolonged progression free and overall survival after operations conducted with this device.

The trial aims to study the efficacy of the PlasmaJet, side effects, survival rates and cost effectiveness, in comparison with conventional surgery. Pathology findings such as the presence of microscopic vital tumour after vaporisation with PlasmaJet and the depth of tissue damage after using the device will be studied.

A strength of this single blinded RCT is the use of questionnaires of Quality of Life (EORTC QLQ-30 and EQ-5D) and the involvement of the patient association of women with gynaecological cancer in The Netherlands.

Trial status {#Sec16}
------------

Approved by Medical Ethical Committee Medical Ethical Committee Erasmus Medical Centre Rotterdam, The Netherlands on 20-11-2017. Recruitment started on 30-1-2018. Protocol version 3.0.

CCS

:   Complete Cytoreductive Surgery

CRF

:   Case Report Form

DMO

:   Data Management Office

NFU

:   Nederlandse Federatie van Universitair Medische Centra

OS

:   Overall Survival

PFS

:   Progression-Free Survival

RCT

:   Randomized Controlled Trial

SAE

:   Serious Adverse Events

WOG

:   Working party Oncological Gynaecology

Not applicable.
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The study is funded by the Netherlands Organization for Health Research and Development (ZonMw). PlasmaSurgical and Medical Dynamics provide an in kind subsidy: the loan and maintenance of the PlasmaJet systems during this research. Neither company was involved in the study design and they will not be involved in the collection, analysis or interpretation of data, nor in the writing of the manuscripts or in the decision to submit manuscripts for publication.

Availability of data and materials {#FPar2}
==================================

Research data at Erasmus MC is generated, stored and made accessible in accordance with legal, academic and ethical requirements. This study, and all persons involved, have knowledge of and comply with the most recent version of the Erasmus MC Research Code which complies with all current laws and regulations. Data will be handled practicing the FAIR principles (Findable, Accessible, Interoperable and Reusable) according to the Handbook for Adequate Natural Data Stewardship (HANDS) developed by the Federation of Dutch UMCs.

All research data is handled confidentially in accordance with legislation and conditions imposed by The Dutch Data Protection Authority. The research data from this study is stored in a long-term archive on secured network servers, with regular back up and limited access. In accordance with the Netherlands Code of Conduct for Scientific Practice, raw data is stored for a period of at least ten years. Permission for third persons to access the data will only be granted by the PI on certain conditions.

The conception and design of the study was initiated by GN, WH and HB. GN and HB wrote the study protocol. PE contributed to the part concerning pathology procedures. IS contributed to the part concerning radiology procedures. The study design was revised by PE, NR and IS after which several alterations and additions were made. GN, WH, JB, NR, JP, AB, GK, AH, HH, LH, MD and HB will be responsible for data collection. Data analyses will be performed by GN and HB. GN drafted the current manuscript. All other authors revised the manuscript critically and agree with publication of the contents.

Ethics approval and consent to participate {#FPar3}
==========================================

The study will be carried out according to the standards outlined in the Declaration of Helsinki. Ethics committee approval has been granted. All procedures involving patients have been approved by the Medical Ethical Committee of Erasmus Medical Centre Rotterdam in the Netherlands (trial protocol version 3.0 d.d. 20th November 2017, NL62035.078.17).

Patients from the following Dutch hospitals may be included: Albert Schweitzer (Dordrecht), Bravis (Bergen op Zoom), Catharina Cancer Institute (Eindhoven), Erasmus MC (Rotterdam), Franciscus Gasthuis and Vlietland (Rotterdam), Groene Hart Hospital (Gouda), Haags Medisch Centrum (Den Haag), Haga Hospital (Den Haag), Leids University MC (Leiden), Medisch Spectrum Twente (Enschede), Reinier de Graaf Groep (Delft).

Patients will receive verbal and written information from their gynaecologist during the intake for surgery. Informed consent will be obtained from all participants to use the data for analyses. Randomization happens after signing of the Informed Consent.

All data will be anonymously processed. Participants will be able to resign at any time without statement of reasons.
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